ABSTRACT. It is argued that the "N-shutter paradox" recently proposed by Aharonov and Vaidman (2002) is isomorphic, in relevant respects, to the N-Box paradox already discussed at length in the literature, and that its apparently surprising features are no more robust than those of the N-box experiment.
is that the only runs that can be post-selected are those in which photons did not pass the shutters, for whatever reason.
To see this, let us once again let N = 2 and look at this variant, which we shall call the "three-shutter experiment." Figure 1 shows a diagram of the subspace of the shutter particle, whose pre-and post-selected states |ψ 1 and |ψ 2 are the same as in the three-box example. . The pre-and post-selected states |ψ 1 and |ψ 2 in the three-shutter basis. [|a +|b +|c ]. The photon is emitted toward the shutters with access to only 2 of them, in an arbitrary superposition
(the primed labels refer to the photon subspace). For simplicity we let
; the same argument will apply for arbitrary photon coefficients.
After the photon has interacted with the shutter particle, the total combined state can be written as a sum of two terms: one in which the photon evaded the shutter particle and one in which it encountered the shutter particle:
AV rewrite the photon states in terms of whether or not the photon was reflected, but it suffices for our purposes to leave the combined state as is, just remembering that photon states paired with the same letter shutter state are reflected.
The pre-and post-selection states |ψ 1 and |ψ 2 are indicated in Figure 1 , as is the projection of the state corresponding to transmission of the photon, the first term in (1),
[|a + |b + 2|c ], onto the shutter particle subspace. (This projection is not orthogonal to the shutter subspace basis states, as we find for the states corresponding to "particle not in the opened box" in the three-box experiment, but the total transmission state vector |Ψ tr is of course orthogonal to the subspace corresponding to a reflected photon in the Hilbert space of the total system.) The transmission state corresponds to the situation in which the photon and the shutter particle did not encounter each other.
The only difference from the three-box example at the level of the shutter particle is the final state |ψ tr when the photon is transmitted, which is different from the one (
[|b + |c ]) obtaining when one opens a particular box and the particle is not there. However, the shutter particle state corresponding to photon transmission is also orthogonal to the post-selection state, so the same purpose is served: to throw out runs in which the photon was transmitted. Clearly, any shutter particle which is successfully post-selected corresponds to a photon which could not have been transmitted and therefore must have been reflected, since the post-selection state |ψ 2 is orthogonal to the projection of the transmission state |ψ tr .
Thus, successful post-selection means no more than the following: on this particular run, the photon and the shutter particle encountered each other and the photon was reflected.
There is no basis for the claim that "the shutter particle can close simultaneously any number of slits" ([AV 2002] , abstract) when the shutter particle is post-selected.
AV's claim that the "pre-and post-selected shutter reflects the photon with certainty" is tautological, because the post-selection measurement simply functions as a measurement of whether the photon was reflected. (Of course, not all shutter particles corresponding to reflected photons will be post-selected, just as in the three-box case where not all particles found in the opened box will be post-selected; 1 post-selection of the shutter particle is a sufficient but not necessary criterion for photon reflection.) Thus, the claim of "certainty" in this context has no more content than ascertaining a certain measurement result-i.e., that the photon was reflected-and, after the fact, claiming that the photon was reflected "with certainty." But of course all measurement outcomes are "certain" once we have obtained them. The fact that the photon and the shutter particle can be in a superposition of shutter states adds nothing beyond what we already know about quantum superpositions, such as the strange properties of the two-slit experiment. Indeed, both the photon and the shutter particle start out in superpositions. The experiment simply correlates those superpositions, which is not at all surprising.
The three-shutter experiment differs from the three-box experiment in that we are not considering measuring either box/shutter a or box/shutter b but in a sense are using the photon to measure "both at once" by preparing the photon in a superposition of shutter states. Therefore the question becomes 'is the particle in the shutter encountered by the photon," rather than "is the particle in the box which I opened." However, just as in the three-box example, where one throws out runs in which a particular box was opened and the particle was not there, in this experiment, one throws out runs in which the shutter particle was not in the shutter encountered the photon. Trivially, then, the only runs which remain are those in which the photon and the shutter particle occupied the same shutter.
Aharonov and Vaidman presumably want to invoke the idea that time symmetry of preand post-selection implies that a shutter particle successfully post-selected at time t 2 was "fated" to be post-selected even at time t. However, adding this assumption implies only that such a shutter particle was fated to encounter the photon (or to be in the same superposition of shutters as the photon), not the stronger conclusion that the particle occupies "all N
1 The "reduced" density operator corresponding to photon reflection in the subspace of the shutter particle is W r,sh = T r ph [
2 (|a a| + |b b|); the probability that a shutter particle in this state will be post-selected is T r[|ψ 2 ψ 2 |W r,sh ] = 1 3 .
shutters at once."
There has been discussion in the literature about the meaning of results assigning probabilities of unity to mutually contrary propositions such as "the particle is in box/shutter a" and "the particle is in box/shutter b" (cf. Griffiths (1998 ), Kent 1997 )," which seem paradoxical, especially when the observables in question are compatible (so that we can't get around the problem by saying that both observables can't be measured simultaneously).
The above analysis suggests that one way to resolve the paradoxical nature of such results is to consider them as conditional on a final measurement result which insures the certainty of a specific intervening measurement result, and that both contrary results never apply to the same individual particle.
